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Abstract

In this paper, an anodic film was developed on AISI 1020 steel through anodization. This anodic film can effectively

improve the color, hardness, electrical insulation, and corrosion resistance of the steel surface. The fabrication process

includes spraying an aluminum layer on the AISI 1020 surface by arc thermal spray method before anodization to form

the anodic oxide film. This study also focuses on the effects of the anodic current density on the quality of the sprayed

aluminum anodic film, including the microstructure, film thickness, hardness, surface roughness, and coloring. The

sprayed aluminum film had a thickness of 400 um and a porous microstructure, but after hot rolling, pores in the film

were largely eliminated and the thickness was reduced to about 321 um, a thickness reduction of 19.75%. The hot rolled

aluminum film is embedded into grooves on the surface of the carbon steel to strengthen the adhesion of the aluminum
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film on the surface. In this study, we suggest mild anodization parameters for a good quality anodic film as follows:

anodic voltage of 20 V, a current density of 3.5 A/dm? at 22 °C for 1h.
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1. Introduction

Carbon steel is the earliest- and most-used basic material in modern industry. At present, carbon steel accounts for

about 80% of the total steel output in the word. However, this type of steel often has limits, such as poor corrosion

resistance, poor electrical insulation, low hardness, and colorlessness, which exclude it from special engineering

applications. To improve the characteristics of the steel, two popular industrial technologies, namely, mass-production by

thermal spraying [1, 2] and anodization technology [3, 4], can be combined to increase the application value of carbon

steel surfaces. The common coating technologies, such as paint, vapor deposition, electro-deposition, and electrophoresis,

provide only a thin film on the target substrate. However, thermal spraying can efficiently provide a thick protective film

on the target substrate [5, 6]. In the main thermal spray process, molten or semi-molten metal particles are propelled

toward the substrate by a stream of air, thus creating layer-by-layer deposition, until the required thickness of the coating

is achieved [7].
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Passive corrosion protection can be provided by anodic film. The anodic layer serves as a barrier to degradation of

the metal surface and prevents contact between aggressive electrolytes and the underlying metal substrate [8]. Due to the

porous structure of anodized film, a subsequent sealing treatment step is required. A beautiful, multi-colored dense film

can be achieved with anodic film on modern products. This study examined in depth the effects of current density on the

quality of sprayed aluminum after anodization, including the microstructure, film thickness, hardness, and surface

roughness.

2. Experimental procedure

Mild anodization film was formed on the AISI 1020 steel by thermal spraying and anodization in the present study.

The experimental procedure can be primarily categorized into six stages: (a) Deposition of Al film on AISI 1020:

depositing aluminum film with 400 pum thickness by arc thermal spray (30 min) on AISI 1020 steel (size of ¢ 2 inch and

5 mm thickness). (b) Densification of sprayed film: hot rolling at 100-200 °C to decrease the thickness of the sprayed

film from 400 um to 321 pm. (c) Pre-treatment for anodization: sample annealing (120 °C, 1h) in air furnace, mechanical

grinding to remove any obvious scratches (#240, #600, and #1200 SiC sandpapers), and polishing of surfaces (1 pm Al>,O3

polishing powder). (d) Mild anodization (10 vol.% H>SOx, 20 V, 3.5 A/dm? at 22 °C for 1h for the substrate to form an

anti-corrosion film with high hardness surface. (e) surface coloring after dyeing, (e) Water sealing to increase anodic film

hardness and anti-corrosion property by water sealing (H>O, 100 °C, 40 min). (f) Mechanical polishing to improve anodic

film surface (0.3 um Al>O3 polishing powder).

3. Results and discussion

Figure 1 shows images of thermally sprayed Al on AISI 1020 substrate and form a coloring film after anodization
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process. As shown in Fig. 1(a) a rust is on AISI 1020 surface with surface roughness values of Ry 1.26 um. Figure. 1(b)

AISI 1020 surface is clean and uniform surface roughness of 3.26 pum through sand-blasting, Fig. 1(c) a thermal sprayed

Al film of 400 pm thickness is on AISI 1020 presented a porous structure with a large number of pores and 5.25 um

surface roughness, Figure 1(d) the Al film after densification by hot rolling for future anodization. The film thickness was

decreased from 400 um to 321 pum, a reduction of 19.75%, and the surface roughness decreased from 5.25 pmto 1.84 um,

a reduction of 65 %. Figure 1(e) Anodic film with surface roughness of 0.25 pm is on the thermal spray Al after mild

anodization. Figure 1(f) Anodic film presented smooth surface roughness 0.11 pm after polishing. Figures 1 (g), (h), and

(1) coloring AIST 1020 surfaces are formed when the anodization film after dying. The anodization film improves the anti-

corrosion, coloring, anti-wear, insulation properties on AISI 1020. Also, the AISI 1020 surface hardness was increased to

350 HVos, as compared to the 120 HVp 1 of AISI 1020.

In this study, the thermally sprayed Al film formed a hard and anti-corrosion oxide film on the carbon steel. Figure

2 (a) shows images of a 20 pm anodic film and a 321 um thermal spray Al film on AISI 1020, (b) thermal spray Al film

embedded into AISI 1020 surface, (c) the anode film acts as a high hardness and corrosion resistance film to protect the

steel surface. The results showed that the rolled film could indeed block the electrolyte from penetrating to the AISI 1020

surface during anodization.

Because thermal spray Al has lower density and a lot of pores in the spray film compares to forging Al. and, defects

or holes are between the steel substrate and spray film interface. The pores, defects, and holes make the electrolyte to

penetrate from the sprayed Al film to the surface of the substrate steel during anodization and fail anodization. In order

to make a high quality anodization film through thermally sprayed Al film the pre-treatment of hot rolling is needed and
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the anodic parameters, including electrolyte composition, electrolyte temperature, anodic voltage, anodic current density,

and anodic time, should be controlled well. In the anodization results we found a suitable anodization parameters of an

anodic voltage of 20 V, a current density of 3.5 A/dm? at 22 °C for 1h for thermal spray Al

Figure 3 showed optical images of interface between thermal spray Al and AISI 1020. (a) There are lot of pores

(point 1) in the thermal layer and large holes (point 2) presented in the interface when the sample without hot rolling. (b)

The pores (point 3) in the thermal layer were reduced and holes (point 4) size in the interface were getting smaller after

100 °C hot rolling. (c) The pores (point 5) and holes (point 6) are continuing reduced after 150 °C hot rolling. And, (d)

The thermal spray film presented to denser (point 7) and the thermal spray film embedded (point 8) into AISI 1020 surface

after 200 °C hot rolling by comparison before hot rolling.

4. Conclusions

This novel and simple method offers a cost-effective approach to forming anodic film on an AISI 1020 surface.

The key point is hot rolling, which can densify the thermally sprayed film on the steel surface and block the electrolytes

from penetrating to the steel surface during the anodization process. This anodic film can effectively improve the surface

properties of carbon steel, specifically, its corrosion resistance, surface hardness (from 120 HV to 350 HV), wear

resistance, color, and electrical insulation. From the research results, we also found the anodization conditions for

producing a high quality anodic film under 20 V, a current density of 3.5 A/dm? at 22 °C, 1h conditions. Combining

thermal spraying, rolling, and anodization methods that can improve the surface of carbon steel. This feature can make

carbon steel more commercially valuable for electromechanical components, medical equipment parts, or public

engineering products.
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Figure 1 Coloring AlSI 1020 surface formation through (a)AISI surface, (b)sand-blasting, (c) thermal spray, (d) hot
rolling, (e) anodization, (f) polishing, (g), (h), and (i) dyeing process.

(a)

Anodic film

Figure 2 a hard and anti-corrosion surface of AISI 1020 steel; (a) anodic film and a thermal spray Al film on AISI 1020,
(b) interface between thermal spray Al and AISI 1020, (c) interface between anodization film and thermal spray Al.
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Figure 3 interface between thermal spray Al and AISI 1020, (a) without hot rolling, (b) after 100 °C, (b) after 150 °C,
and (c) after 200 °C hot rolling.
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